In an emergency medical system with established rapid-sequence intubation protocols, prehospital (PH) intubation of patients with trauma is not associated with a higher rate of ventilator-associated pneumonia (VAP) than emergency department (ED) intubation. Conclusions: Prehospital intubation of patients with trauma is not associated with higher risk of VAP. Further investigation of intubation factors and the incidence and timing of aspiration is required to identify potentially modifiable factors to prevent VAP.
Logistic regression analysis identified history of drug abuse, lowest recorded ED systolic blood pressure, and injury severity score as 3 independent factors predictive of VAP.
Conclusions:
Prehospital intubation of patients with trauma is not associated with higher risk of VAP. Further investigation of intubation factors and the incidence and timing of aspiration is required to identify potentially modifiable factors to prevent VAP.
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T HE DEVELOPMENT OF RAPIDsequence intubation (RSI) techniques with neuromuscular blockade has markedly reduced airway complications in the emergency department (ED) setting 1 and has enabled adoption of more aggressive, earlier definitive airway management in the prehospital (PH) setting. Despite data to support the safety and benefit of PH RSI in patients with trauma, particularly in those with traumatic head injury, 2, 3 several studies report a higher rate of ventilator-associated pneumonia (VAP) in patients who undergo intubation before arrival at the hospital, 4 ,5 even after successful PH RSI. 6 There is variation in the delivery of PH care within the United States, particularly with regard to the dramatic difference in the rates of out-of-hospital procedures performed by PH personnel. 7 The disparity in outcomes after PH RSI may be related to a lack of uniformity in training, regular practice, and quality assessment of PH intubation. 8 The purpose of this investigation is to establish and compare the rates, timing, and microbiology of VAP in a cohort of patients withtraumaundergoingintubationinthePH setting or after arrival in the ED of a regional tertiary care facility with a well-established emergency medical system and continuous quality improvement measures.
METHODS
A retrospective review was conducted of all consecutive adult (aged Ն18 years) patients with trauma who underwent endotracheal intubation before inpatient admission at a level I trauma center from July 1, 2007, through July 31, 2008. All intubations were performed by PH health care providers trained in advanced airway management, emergency medicine attending physicians, or anesthesia providers under the immediate supervision of an attending anesthesiologist. The conduct of PH RSI has been previously described. 9 Burned, asphyxi- ated, or drowned patients and those who died or were discharged within 48 hours were not included in the initial data set. Baseline characteristics, injury mechanism and severity, clinical diagnosis of pneumonia, length of stay, and in-hospital mortality were recorded. This data set was cross-referenced with a hospital quality database maintained to monitor intubations that occur outside of the operating room. Using these data sources and retrospective review of all available PH documentation, the groups intubated in the PH and ED, respectively, were defined; also, subsequent emergent reintubation, defined as unplanned intubation after the patient was discharged from the ED for hospital admission, was recorded. Transfers from other facilities, surgical airways obtained in the field or the ED, and patients without PH data were excluded from the analysis. The resulting data set was then cross-referenced with a separately maintained hospital quality database of all VAP diagnosed by means of bronchoscopic alveolar lavage (BAL). Data were managed using commercially available software (FileMaker Pro 10, version 3; FileMaker Inc, Santa Clara, California 20 . Significance was set by a 2-tailed ␣ of .05. All results reported in the final logistic model are reported as odds ratios with 95% confidence intervals. Goodness of fit of the model was assessed by the Hosmer-Lemeshow test, and the C statistic was calculated to assess discrimination. Analyses were performed using commercially available statistical software (STATA, version 10; StataCorp LP, College Station, Texas).
RESULTS
From July 1, 2007, through July 31, 2008, 3383 adult patients with trauma were admitted to our level I trauma center for at least 48 hours (Figure 1 ). Of these, 881 underwentintubationbeforeadmission.Weexcluded285trans-ferred after intubation at other hospitals, 16 with missing the PH data, and 8 with surgical airways (performed either in the PH setting or after arriving in the ED). The remaining 572 patients (16.9%) constituted the study cohort.
Most of the study patients (412 [72.0%]) underwent PH intubation performed by paramedics at the scene of injury; of these, 226 (54.9%) underwent intubation by PH personnel who had completed University of Washington paramedic training followed by ongoing continuous quality assessment of their intubation performance through the Seattle and King County fire departments. The PH intubation group had a lower mean age, a higher percentage of male patients, and a lower incidence of cardiac and pulmonary comorbidities ( Table 1) . Although blunt trauma predominated in both groups, it was less common in the PH group than in the ED group (322 Table 2 ). The PH-intubated patients had a substantially lower average Glasgow Coma Score in the field, as well as a higher mean blood alcohol level ( Table 3) . There was no difference in Glasgow Coma Score measured in the ED, but this variable had a substantial amount of missing and internally inconsistent data. History of drug (other than alcohol) abuse and previous trauma were more common among patients intubated after arrival in the ED compared with patients intubated in the field, but this finding did not reach statistical significance. The lowest recorded ED systolic blood pressure was significantly lower in patients intubated in the ED, despite similar ISS and Abbreviated Injury Scores. Of the patients intubated in the PH setting, 164 (39.8%) had blood alcohol levels above the legal limit of 80 mg/dL compared with only 33 (20.6%) who underwent ED intubation.
The overall rate of pneumonia in this cohort of intubated patients with trauma was 17.7%. Whether VAP was diagnosed by means of quantitative culture obtained by BAL or by clinical means, the rate and timing of pneumonia were similar between the groups ( Table 4) . Length of hospital stay, in-hospital mortality rate, and the proportion of patients with brief intubations (Ͻ24 hours) were also similar. Nine patients in the PH group had more than 1 episode of VAP, whereas the ED group had none (P=.06). The rate of subsequent emergent intubation in the PH group was more than 5-fold higher than in the ED group (42 [10.2%] vs 3 [1.9%]; P=.001).
On average, BAL cultures yielded 1.7 different organisms in quantities sufficient for diagnosis of VAP. The top 10 causative organisms from the BAL cultures compared by location of intubation (Figure 2) and timing of diagnosis (Figure 3 ) are summarized along with broad categories of pathogens. Haemophilus influenzae was by far the most common organism isolated. Gram-negative pathogens were more common in general, except among earlyonset VAP, in which Staphylococcus and Streptococcus spe- cies predominated. There were a number of multiple drugresistant pathogens in patients intubated in PH and ED settings, the most common of which was methicillinresistant Staphylococcus aureus. There were only 2 early VAP cases in which the final BAL culture included a drugresistant organism; both organisms were methicillinresistant S aureus pneumonias. Univariate comparison of the groups that did and did not develop pneumonia is summarized in Table 5 . This analysis and the subsequent logistic regression were also performed after excluding patients with clinically diagnosed pneumonia, and the results were unchanged. Patients with VAP were more apt to have been admitted for treatment of blunt traumatic injury, and their injury was substantially more severe as measured by the ISS and Abbreviated Injury Score. In addition, the mean (SD) chest Abbreviated Injury Score was statistically higher in the patients who developed VAP (2.7 [0.2] vs 1.7 [0.1]; PϽ.001). The mean lowest systolic blood pressure measured in the ED was lower among patients who developed VAP; in contrast, there was no difference in the mean lowest systolic blood pressure measured in the PH setting. As for outcomes, the length of stay averaged almost 18 days longer in the patients who developed VAP, but their rate of in-hospital mortality was similar to those who never developed pneumonia. Although no patient intubated for less than 24 hours developed VAP, only 31.3% of patients who did not develop VAP were intubated less than 24 hours. Ventilator-associated pneumonia was associated with a higher rate of subsequent emergent reintubation (21 [ 
28.8%] vs 24 [4.8%]; P Ͻ.001).
Using backward stepwise logistic regression and the variables defined a priori (including location of intubation as a variable of interest), a final logistic model was created that identified the following 3 independent factors highly associated with development of VAP: lowest ED systolic blood pressure, history of drug abuse, and ISS ( Table 6) .
COMMENT
Ventilator-associated pneumonia is one of the key complications of critical illness, affecting as many as 27% to 44% of patients who sustain injury. 11 Although the attributable mortality of VAP in patients with trauma remains controversial, 12 VAP continues to contribute significant morbidity and cost, and its prevention is a focus of best practices in modern critical care. Numerous epidemiologic reviews have identified trauma as an independent predictor of the development of VAP. 13, 14 This unique susceptibility to VAP is perhaps because of increased risk of aspiration through a combination of the inability to protect the airway, immobilization, and bronchopulmonary injury, because severity of injury, emergent intubation, and decreased level of consciousness have all been implicated. [15] [16] [17] [18] In 1991, a prospective series 18 documenting the incidence of pneumonia in patients with trauma established that emergent intubation was an independent predictor of the development of VAP, but the authors did not discriminate among intubated that occurred in the field, the ED, or the intensive care unit. Eckert and colleagues 19 performed a retrospective review of 571 patients, most of whom underwent intubation in the ED, and found that PH intubation in their emergency medical system was associated with higher rates of pneumonia (35% vs 23%) and was an independent predictor of VAP. Unlike our study, in which 412 PH intubations were performed in a year, there were only 117 PH intubations conducted during 4.5 years, and the analysis included surgical airways (n=28) and hospital transfers (n=131), implying a considerable amount of heterogeneity in PH airway management. Furthermore, the severity of injury was significantly higher in the PHintubated group, as was also the case in 2 other reports of increased VAP rates in PH-intubated patients with trauma, which may have served to skew the results. 5, 6 In the present yearlong study of patients with trauma undergoing emergent intubation before admission to a level I trauma center, we observed a baseline VAP rate of 17.6%. Although 72.3% of the observed VAP was diagnosed by invasive means, the rate of VAP is markedly lower than in most previously published studies 5, 6, 19, 20 of patients with trauma requiring emergent intubation. Furthermore, comparison of the outcomes after PH and ED intubations failed to demonstrate significant differences in the rate of pneumonia, whether VAP was diagnosed by quantitative BAL cultures or by clinical features. It is unlikely that the high rate of PH intubation was owing to excessive triage in the field because there was no difference in the percentage of brief intubations, and severity of illness measures were similar between groups. This finding is particularly notable because the severity of injury was fairly high in both groups (mean ISS Ͼ25), whereas the level of consciousness was significantly lower in the PH intubation group. We did observe a higher incidence of subsequent emergent reintubation in PH-intubated patients. This may be related to a higher incidence of head injury and alcohol intoxication in this group, conditions that can complicate the assessment of readiness for and success of extubation. 21, 22 In comparing patients who did and did not develop pneumonia, we found that VAP was associated with a longer hospital stay, but mortality rates were similar between groups. Not unexpectedly, there was a higher percentage of blunt trauma and greater injury severity in the group that developed VAP. In particular, there was a greater severity of chest trauma in the group with VAP, and it is possible that there may have been a bias toward more bronchoscopy in this patient group because of changes on chest radiography and signs consistent with the systemic inflammatory response syndrome. Croce and colleagues 23 have long argued for raising the quantitative culture threshold to diagnose pneumonia, based on the difficulty of distinguishing between pneumonia and the systemic inflammatory response owing to trauma. It has been the practice at our institution to use 10 4 CFUs as the quantitative diagnostic threshold, so this was used in our study definitions. In the patients who developed VAP, we also observed a higher rate of subsequent emergent reintubation, but we did not investigate the timing of reintubation with respect to the diagnosis of VAP; it may be that the need for mechanical ventilation was indeed because of the development of pulmonary infection and associated respiratory failure. We observed an expected distribution of community-acquired organisms in early-onset VAP, and more health care-associated organisms and multiple drugresistant organisms in the late-onset VAP. Although only descriptive statistics were possible because of the small number of cultures, the microbiology of VAP appeared similar between ED-and PH-intubated groups.
While history of drug abuse was an independent predictor of development of VAP, neither blood alcohol level nor positive urine screen results for drugs of abuse were retained in the final model. This finding is contrary to 2 recent reports 24, 25 that suggest these associations in patients with trauma and burns. Owing to our high rate of field intubations, it is conceivable that drugs administered by PH personnel may account for many of the positive drug screen findings we observed, rather than drugs consumed by the patients in our study.
This study has a number of limitations inherent to its retrospective nature and the quality of reporting available in emergency care environments. It should be acknowledged that the PH and ED groups have significant differences in baseline features and injury characteristics. Despite these differences, only severity of injury and low systolic blood pressure in the ED were independently predictive of the development of pneumonia. The analysis was constrained by the varying availability of specific data from intubation documentation and errors in the calculation of the Glasgow Coma Score in our ED. We did not attempt to characterize the reason for delayed intubation in the ED, but it is likely that this group consisted of patients whose condition deteriorated over time or required treatment, such as fracture reduction, that could not be conducted without airway protection. Furthermore, it was not possible to identify when the lowest systolic blood pressure was recorded in the ED; this recording may have been a result of, rather than a prompt to, intubation. Subgroup analysis based on the indication for intubation could increase our understanding of the risk factors for development of VAP. There was no attempt to quantify aspiration and its relationship to the act of endotracheal intubation because observations were nonstandardized and rare in the medical record, precluding any comparison between groups. However, most of the intubations were conducted by personnel trained in the same rigorous manner and monitored through continuous quality improvement. The Seattle Fire Department's Medic One paramedic training program, which requires 2200 hours of instruction, provides a robust, standardized didactic and clinical experience supported by the University of Washington's Department of Anesthesiology. 26 For 40 years, this program, in the setting of a unique coordination of city and surrounding county fire and rescue services, has been committed to maintaining a consistently high level of early definitive care through education and innovative research. 2, 27, 28 This environment provides an opportunity for additional future data collection focusing on features of aspiration and intubation difficulties.
CONCLUSIONS
Locationofthepatientatthetimeofintubationwasnotfound to be an independent predictor of VAP, whereas injury severity, ED hypotension, and history of abuse of drugs other (REPRINTED) ARCH SURG/ VOL 145 (NO. 11), NOV 2010than alcohol were significant contributors. Our data suggest that PH intubation can be performed safely without conferring additional risk of development of pulmonary infectious complications. On the basis of our results, we conclude that the development of VAP depends on the nature and severity of the injury rather than the location of the patient at the time of intubation. An established protocol of BAL-guided VAP diagnosis and a regimented training program in RSI for PH providers using continuous quality improvement techniques to monitor processes and outcomes may have affected our results. Within this framework, future investigations will focus on the possible modifiable factors surrounding intubation that may contribute to subsequent development of VAP in the hopes of targeting specific interventions that can prevent this common complication. 
D
r Evans and colleagues have produced an important study that addresses the relative risk of PH intubation contributing to the in-hospital risk of subsequent VAP during the hospital stay of critically injured patients. Very few data are available regarding the relative benefits of PH intubation, and even less is known about its associated risk. This well-written article examines the relative risk of future VAP among patients with trauma intubated in the ED of a large urban tertiary referral center and compares such patients with those who are intubated in the field.
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